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Abstract 
 
Esterification is an elementary transformation in the domain of organic chemistry. A facile 
methodology is presented for palladium catalyzed direct oxidative carboxylation of iodoarenes 
with benzoic acids. The reaction is successful with catalytic amount of palladium via direct 
oxidative coupling with benzoic acids in the presence of oxidant (TBHP). The method proceeds 
with high selectivity and broad substrate scope under mild reaction conditions. Moreover, this 
catalytic process performed under environmentally benign conditions as water in the TBHP used 
as the solo reaction medium. Interestingly, this catalytic process showed very good tolerance for 
many functional groups. 
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Oxidative Palladium Catalyzed Cross  
Coupling CO Bond Formation:  
Synthesis of Aryl Benzoates 
 
 
 
 
I.1 INTRODUCTION: 
The palladium1 which was discovered in 1803 by William Hyde Wollaston belongs to 
platinum group elements which comprise of palladium, platinum, rhodium, ruthenium, iridium 
and osmium. Although, they have similar properties, palladium has the lowest melting point and 
least density of the others. Notably, palladium acts as a catalyst for many organic transformations 
such as reductions, oxidations and many couplings based on its surrounding environment (i.e. 
medium, ligands, additives etc.). Finely divided palladium proved to be versatile catalyst that 
promotes hydrogenation and dehydrogenation reactions, where molecular hydrogen is added to 
carbon-carbon or carbon-heteroatom bonds. The modern era of organopalladium chemistry 
established in 1960, when the Wacker process for synthesizing acetaldehyde by air oxidation of 
ethylene using a PdCl2/CuCl2 catalytic system was introduced. Five years later, it was shown that 
allyl and alkene complexes of PdCl2 react with carbon nucleophiles to form new C–C bonds. In 
subsequent years, the use of [Pd]-catalysts to furnish C–C bonds has become an indispensable in 
the synthesis of fine chemicals. Among them particular importance are cross-coupling reactions 
in which two organic fragments are accurately joined by C–C or C–X (heteroatom) bond 
formation.  
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A large number of C–C & C–O bond forming reactions have been developed in the 
domain of organic chemistry, after Heck reaction was facilitated by the [Pd]-catalyst. Some of 
the well-known transformations mediated by palladium are as noted below:  
1) Heck reaction2: coupling reaction between alkenes and aryl halides. 
2) Negishi coupling3: reaction between an organohalides and an organozinc reagents. 
3) Suzuki reaction4: coupling between boronic acids and aryl halides. 
4) Stille reaction5: coupling of organotin compounds with organohalides.  
5) Hiyama coupling6: reaction of organohalides with organosilicon compounds. 
6) Sonogashira coupling7: reaction between aryl halides and alkynes using copper(I)iodide 
as co-catalyst. 
7) Buchwald-Hartwig coupling8: cross coupling of aryl halides with heteroatom containing 
nucleophiles.  
8) Kumuda coupling9: reaction of Grignards reagent with aryl or vinyl halides. 
9) Heck-Matsuda reaction10: coupling of an arenediazonium salts with alkenes. 
2010 Nobel Prize in chemistry was shared by Ei-ichi Negishi, Richard F. Heck and Akira 
Suzuki for their efforts in the development of [Pd]-catalyzed cross couplings in organic 
synthesis. 
Esterification is a rudimentary transformation in organic synthesis particularly in nature 
synthesis.11 Conventional esterification only mostly occurs between carboxylic acid derivatives 
and alcohols, and often involves multistep processes.12 However, these methods require the 
prefunctionalization of substrates and often suffer from harsh reaction conditions. Aromatic 
esters are generally synthesized by using one of these methods: Fischer esterification,13 
Mitsunobu reaction,14 Favorskii rearrangement,15 Trance esterification,16 Baeyer–Villiger 
oxidation17 and Pinner reaction.18 In addition, the halogen–metal exchange of aryl halides with 
either carbon monoxide,19 ethyl chloroformate20 or DMF21 has emerged as an alternative method 
of synthesis. Developments in the transition-metal-catalyzed and metal-free direct carboxylation 
of iododerivatives under oxidative conditions has opened a door to the effective, well organized, 
sustainable and environmentally friendly synthesis of esters from readily available materials. 
These potential discoveries give an overview which covers the recent development of this 
emerging field.  
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Carboxylic esters are not only among the most significant and abundant functional groups 
in nature but also serves as versatile ‘building blocks’ in the synthesis of fine chemicals, natural 
products, polymeric materials, etc. (Figure 1).22 In particular, benzyl esters are convenient 
functional groups found in medicinal and natural products and are widely used as protecting 
groups for a range of functionalities including carboxyl groups. The evolution of synthetic 
strategies towards esters has occupied chemists for more than 100 years owing to their 
importance and omnipresence. Of the various methods available for their synthesis, the 
palladium-catalyzed esterification is highly attractive due to its high atom economy, availability 
of starting materials, and due to wide functional group tolerance. Recent trends of transition-
metal-catalyzed oxidative couplings rely on the use of appropriate oxidants used. Aryl iodides 
are highly attractive substrates for palladium catalysis due to their significantly lower cost and 
greater commercial availability, when compared to aryl triflates.23 Given these advantages, we 
wished to develop general esterification conditions for aryl iodides that would have both broad 
applicability and proceed under mild conditions. During the last few years, significant advances 
have been made in the area of direct oxidative carboxylation of benzoic acid. Direct metal 
catalyzed oxidative carboxylation to prepare esters with other readily available reagents has 
drawn more attention, and is considered as an easy process than traditional esterification 
methods. Selective oxidative carboxylation between an aryl iodide and an acid has attracted 
much attention from the synthetic chemists.  
 
 
Figure 1. Esters present in commercially available drugs and polymers. 
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I.2 BACKGROUND:  
Transition-metal catalysis played vital role in the field of organic synthesis to construct 
various complex molecules starting from simple molecules. Among all transition-metals, 
palladium is one of the efficient and common metals used in organic synthesis due to its ease of 
handling. 
However, traditional esterification depends on nucleophilic substitution between alcohols 
and carboxylic acid derivatives (Scheme 1a-d). Generally, carboxylic halides and anhydrides are 
prepared from corresponding carboxylic acids. As a consequence, esterification requires several 
steps along with the production of undesired side products, which is conflicting with the current 
demand for environmentally friendly processes.16,23 
 
 
Scheme 1a 
 
Scheme 1b 
      
 
Scheme 1c 
 
 
Scheme 1d            
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Eventually, in 2000, Patel and co-workers performed the reaction between aromatic 
aldehydes and alcohols in which Vanadium pentoxide was used as the catalyst and hydrogen 
peroxide was employed as the oxidant (Scheme 2).24 
 
 
Scheme 2: Vanadium-catalyzed esterification of aldehyde using H2O2 as oxidant. 
 
Later in 2003, it was observed that sodium perborate (SPB) or sodium percarbonate 
(SPC) in amalgamation with perchloric acid could be used to replace the concentrated hydrogen 
peroxide and made the reaction successful under environmentally friendly conditions. Other 
alcohols could be replaced for methanol to yield the corresponding esters (Scheme 3).25 
 
 
Scheme 3: Vanadium-catalyzed esterification of aldehydes with sodium perborate or sodium percarbonate 
as the oxidant. 
 
In similar to vanadium-catalyzed system, in 2002, Chayan and coworkers developed a 
heterogeneous catalytic system by using titanium-containing molecular sieves TS-1 to realize the 
oxidation of aromatic aldehydes. By using 30% H2O2 as the oxidant in methanol under reflux, 
aromatic esters were isolated in yields of 65 to 99% (Scheme 4).26 
 
 
Scheme 4: Titanium-catalyzed esterification of aldehydes with H2O2 as the oxidant. 
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Li and co-workers in 2006, first reached copper-catalyzed oxidative esterification 
between an aldehyde and in-situ generated enol by using tert-butyl hydroperoxide (TBHP) as the 
oxidant. Here InBr3 was the key additive that is accountable for the efficiency of the reaction, 
which might stimulate the formation of hemiacetals during the reaction (Scheme 5).27 
 
 
Scheme 5: Copper-catalyzed esterification of aldehydes with tert-butyl hydroperoxide as the oxidant. 
 
In 2008, Scheidt et al. present carbene to catalyze the oxidative conversion of aldehydes 
to esters without a transition metal by using MnO2 as the oxidant, various aliphatic aldehydes 
were esterified with certain alcohols in good yields.28 However, the substrates are restricted to 
saturated aldehydes (Scheme 6, conditions a). For dealing with activated aldehydes, a conjugated 
two-electron oxidant has been developed. Activated aldehydes such as substituted benzaldehydes 
and cinnamaldehydes are all suitable substrates (Scheme 6, conditions b).29 
 
 
Scheme 6: NHC-catalyzed direct esterification of inactivated and activated aldehydes. 
 
In 2008, Prof Donald A. Watson et al. reported the preparation of phenyl esters from aryl 
chlorides via [Pd]-catalyzed carbonylation (Scheme 7).30 
 
15 
 
 
Scheme 7: Preparation of phenyl esters from aryl chlorides via palladium-catalyzed carbonylation. 
 
Huayue Wu et al. in 2008, reported a palladium catalyzed aromatic esterification reaction 
of aldehydes with arylboronic acids under air atmosphere using imidazolium salt (Scheme 8).31 
 
 
 
Scheme 8: Palladium catalyzed aromatic esterification. 
 
Darcel and co-workers in 2009, established the first example of iron catalyzed oxidative 
esterification of aldehydes. Both aromatic and aliphatic aldehydes were suited with this reaction 
(Scheme 9).32 
      
 
Scheme 9: Iron-catalyzed esterification of aldehydes using H2O2 as the oxidant. 
 
As zinc salts acts as a Lewis acid to activate the aldehydes is quite common. Wu and co-
workers in 2012, have introduced zinc compounds as catalysts in oxidative esterification. 
However, the method is limited to aromatic aldehydes which lead to esters in good to excellent 
yields (Scheme 10).33 
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Scheme 10: Zinc-catalyzed esterification of aldehydes using H2O2 as the oxidant. 
 
In 2010, A. S. K. Hashami and his group observed that both gold nanoparticles and 
mononuclear gold complexes can also be active catalysts in oxidative esterification. In a recent 
study, HAuCl4 was proved to be a suitable catalyst to attain oxidative esterification with TBHP 
as the oxidant. Both aliphatic and aromatic aldehydes are suitable substrates which can esterify 
aliphatic alcohols in good yields (Scheme 11).34 
 
 
Scheme 11: Homogeneous gold-catalyzed esterification of aldehydes with tert-butyl hydroperoxide as the oxidant. 
 
Prof Lingli Zhang et al. in 2010, reported copper catalyzed Chan-Lam reaction of 
carboxylic acids to formation of phenolic esters (Scheme 12).35   
 
 
Scheme 12: [Cu]-catalyzed phenolic ester formation. 
 
T. Yasukawa et al. in 2011, reported that the aerobic oxidative esterification of aldehydes 
with 1,2- and 1,3-diols and their derivatives proceeded smoothly in the presence of polymer-
incarcerated gold nanoclusters (Scheme 13).36 
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Scheme 13: Heterogeneous gold-catalyzed esterification of aldehydes with O2 as the oxidant. 
 
Prof Berit Olofsson et al. in 2011, reported a novel reaction of synthesis of aryl esters in 
metal free conditions using diaryliodonium salt (Scheme 14).37 
 
 
Scheme 14: Metal free reaction of synthesis of aryl esters. 
 
Beller and Lei in 2011, disclosed the first palladium-catalyzed direct aerobic oxidative 
esterification of benzylic alcohols with methanol and also with various long-chain aliphatic 
alcohols, independently but instantly (Scheme 15).38 
 
 
Scheme 15: Palladium-catalyzed oxidative esterification of different alcohols in alcoholic solutions. 
 
In Lei’s work in 2011, the challenging esterification reactions of long-chain aliphatic 
alcohols were experienced by using a P-olefin ligand to control the selectivity, which lowered 
the amount of long-chain aliphatic alcohols required to two equivalents compared to benzylic 
alcohols (Scheme 16).39 
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Scheme 16: Palladium-catalyzed oxidative esterification of different alcohols in hexane solutions. 
 
Prof Jayaraman Sembian Ruso et al. in 2014, described a nice method of preparation aryl 
esters using boronic acid under metal-free conditions (Scheme 17).40 
 
 
 
Scheme 17: Metal-free synthesis using boronic acid. 
 
Prof Bijay Bhattarai et al. in 2015, developed the synthesis of aryl esters using 
diaryliodonium salt as a starting material. Thiophosphoramides as co-operative catalyst to the 
copper-catalyst (Scheme 18).41 
 
Scheme 18: Synthesis of aryl esters using diaryliodonium salt as a starting metarial. 
. 
Dr. D. Maiti, Prof. G. K. Lahiri & their group in 2015, established the cross-esterification 
proceeds under a simple transition-metal-free conditions, containing catalytic amounts of 
TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy)/TBAB (tetra-n-butylammonium bromide) in 
combination with oxone (potassium peroxo monosulfate) as the oxidant (Scheme 19a), whereas 
the self-esterification is attained through simple induction of Fe(OAc)2/dipic (dipic = 2,6-
pyridinedicarboxylic acid) as the active catalyst under an oxidizing environment (Scheme 19b).42 
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Direct oxidative esterification of primary alcohols 
 
Scheme 19a  
 
 
Scheme 19b  
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I.3 RESULTS AND DISCUSSIONS: 
In continuation of our interest in the development of synthetic methods under [Pd]-
catalysis.47 Aiming to develop environmentally benign methods, we were prompted to explore a 
[Pd]-catalyzed intramolecular CO bond formation of iodoarenes with acids. This in fact was 
presumed based on the previously reported results using [Pd]-catalyzed synthesis of ester using 
various types of reagent specially using peroxide as an oxidant and water as solvent. To achieve 
this goal, we are interested with the coupling between aryl iodides 1 and benzoic acids 2 for the 
synthesis of esters 3 (Scheme 20). 
 
Scheme 20: Synthetic approach of esters 3. 
 
Our next task is to optimize the reaction with various reaction conditions; we have chosen 
4-iodoanisole 1a and benzoic acid 2g as starting materials. 
Table 1: Optimization conditions for the synthesis of benzoate ester. 
 
Entrya Catalyst 
( 5 mol%) 
Co-catalyst 
( 2 equiv) 
Oxidant 
(5 equiv) 
Temp 
(°C) 
Additive Solvent  
( 2 mL) 
Time 
(h) 
Yield 
3agb 
(%)c 
1 Pd(OAc)2 Ag2O TBHP in H2O 120  - DCE 12 30 
2 Pd(OAc)2 Ag2O TBHP in H2O 120  - CH3COOH 12 0d 
3 Pd(OAc)2 Ag2O TBHP in H2O 120  - Toluene 12 25 
4 Pd(OAc)2 Ag2O TBHP in H2O 120  - DMSO 12 32 
5 Pd(OAc)2 Ag2O TBHP in H2O 120  - - 12 48 
6 Pd(OAc)2 Ag2O H2O2 (30%) 120  - - 12 40 
7 Pd(OAc)2 Ag2O DTBP 120  - - 12 40 
8 Pd(OAc)2 Ag2O TBHP in decane 120  - - 12 47 
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aAll reactions were carried out on 100 mg (0.43 mmol) scale of 1a and 103 mg (0.85 mmol) of 2g. bThe 
first alphabet letter of 3ag is from the iodarene 1a, while the second one represents the benzoic acid 2g. cyields of 
chromatographically pure products. d3ag was not observed, only starting material 1b was recovered. 
 
With the required substrates in hand, the reaction was explored to sort out the best 
optimized reaction conditions, various conditions in the presence of the [Pd]-catalyst was 
explored and the results are summarized in Table 1. Our Initial attempt was directed to synthesis 
ester 3ag by subjecting aryl iodide 1a with acid 2g in presence of Pd(OAc)2 (5 mol%), Ag2O (2 
equiv), TBHP in H2O (5 equiv) as a oxidant and DCE as a solvent at temperature 120 C for 12 
h. The expected product 3ag was obtained albeit in poor 30% yield (Table 1, entry 1). To 
9 Pd(OAc)2 Ag2O (NH4)2S2O8 120  - DCE 12 0d 
10 Cu(OTf)2 Ag2O TBHP in H2O 120  - - 12 0d 
11 CuI Ag2O TBHP in H2O 120  - DCE 12 0d 
12 NiBr2 Ag2O TBHP in H2O 120  - - 12 0d 
13 Pd2(dba)3 Ag2O TBHP in H2O 120  - - 12 40 
14 Pd(OAc)2 Ag2O TBHP in H2O 80  - - 12 38 
15 Pd(OAc)2 Cu(OAc)2 TBHP in H2O 120  - - 12 0d 
16 Pd(OAc)2 CuI TBHP in H2O 120  - - 12 0d 
17 Pd(OAc)2 CH3COOAg TBHP in H2O 120  - - 12 44 
18 Pd(OAc)2 Ag2O TBHP in H2O 120  - - 24 47 
19 Pd(OAc)2 Ag2O TBHP in H2O 120  PhI(OAc)2 DCE 12 0d 
20 Pd(OAc)2 Ag2O TBHP in H2O 120  (CH3)3CCOOH - 12 0d 
21 Pd(OAc)2 Ag2O TBHP in H2O 120  tBuOK Toluene 12 0d 
22 Pd(OAc)2 Ag2O TBHP in H2O 120  tBuOK DCE 12 0d 
23 Pd(OAc)2 Ag2O TBHP in H2O 120  TBAI - 12 25 
24 Pd(OAc)2 Ag2O TBHP in H2O 120  TBAI DMSO 12 26 
25 Pd(OAc)2 Ag2O TBHP in H2O 120  DMAP - 12 15 
26 Pd(OAc)2 Ag2O TBHP in H2O 120  FeCl3 - 12 5 
27 Pd(OAc)2 Ag2O TBHP in H2O 120  ZnCl2 - 12 5 
28 Pd(OAc)2 Ag2O TBHP in H2O 120  O2 Balloon - 12 35 
29 Pd(OAc)2 Ag2O TBHP in H2O 120  Et3N - 12 15 
30 Pd(OAc)2 Ag2O TBHP in H2O 120  TEMPO - 12 15 
31 Pd(OAc)2 Ag2O TBHP in H2O 120  - - 6 30 
32 Pd(OAc)2 Ag2O TBHP in H2O 110  - - 12 47 
33 Pd(OAc)2 Ag2O - 120  - DCE 12 20 
34 - - TBHP in H2O 120  tBuOK  DCE 12 0d 
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improve the yield, we have tried with different solvents such toluene, CH3COOH and in DMSO 
(Table 1, entries 2-4). Unfortunately, it was not encouragive with regards to the yields. Then we 
tried without solvent using same conditions and obtained 3ag in 48% yield (Table 1, entry 5). 
Further to increase the yield, we have attempted under many different conditions using different 
oxidising agent like H2O2 (30%), DTBP, TBHP in decane and (NH4)2S2O8 but fails to improve 
the yield (Table 1, entries 6-9). Also in place of [Pd]-catalyst, [Cu], other [Pd] and [Ni]-catalysts 
were also employed, however, they found to be inferior (Table 1, entries 10-13). To see the 
temperature effect, we decreased the temperature to 80 °C, but there was no improvement in the 
yield (Table 1, entry 14). Changing the co-catalysts was also of not much use (Table 1, entries 
15-17). Increasing the reaction time to 24 h also failed to improve the yield (Table 1, entry 18). 
Using hypervalent reagent PhI(OAc)2, aliphatic acid (CH3)3CCOOH, strong base
 tBuOK and 
phase transfer reagents (TBAI & DMAP) (Table 1, entries 19-25), showed no improvement. 
Other transition-metal-catalysts such as FeCl3 and ZnCl2 as additives gave disappointing yields 
(Table 1, entries 26-27). In the presence of O2 (balloon), Et3N, TEMPO also doesn’t improve the 
yield (Table 1, entries 28-30). While the decreasing the time (Table 1, entry 31) and also reaction 
with the [Pd]-catalyst and without the oxidant, showed no progress (Table 1, entry 33). 
Furthermore, changing the equivalent of both the substrates does not show much impact to raise 
the yield (Table 2). 
 
 
Table 2: Use of various equivalent of substrate & oxidant. 
Aryl iodide 1a 
(equiv) 
Benzoic acid 2g 
(equiv) 
Ag2O 
(equiv) 
%Yield of 3ag 
3 1 1 40 
1 3 1 41 
1 2 2 48 
3 1 2 47 
     
Among all the conditions screened, the conditions mentioned in Table 1, entry 5 were 
best. Hence, we have decided to apply these conditions on other iodoarenes 1 and benzoic acids 
2. In this context, readily available iodoarenes were used as the starting materials for the 
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preparation of benzoate esters 3. On the other hand, some of the substituted benzoic acids 2 were 
prepared from the corresponding benzaldehydes (Scheme 21).48 
 
 
Scheme 21: Preparation of benzoic acids from benzaldehydes.  
 
Now to check the scope and applicability of the method, we have applied the best 
optimized conditions with different iodoarenes 1 and benzoic acids 2. To our delight, it was 
observed that the reaction is quite successful and furnished the ester products 3 in moderate 
yields (Table 3).  Significantly, the method showed very good functional group tolerance, as the 
reaction was successful with electron donating to electron withdrawing substituents on the 
aromatic rings (Table 3). 
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Table 3: Synthesis of esters 3aa-eh from aryal iodide 1a-e under optimized conditions.a,b
a Reaction conditions: 1a-e (100 mg, 0.21 – 0.47 mmol), 2a-j (2 equiv), Pd(OAc)2 (5 mol %), Ag2O (2 equiv),  
TBHP in H2O( 5 equiv), at 120 C for 12–24 h. bYields of 3aa-3eh are isolated yields of chromatographically pure 
products. 
 
25 
 
 
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
ppm
3.182.051.131.08
Chloroform-d
8
.0
0
7
.9
8
7
.5
3
7
.5
3
7
.3
8
7
.3
7
7
.3
5
7
.3
5
7
.2
5
7
.1
5
7
.1
3
6
.9
4
6
.9
2
3
.8
1
 
Figure 2a: 1H-NMR (400 MHz) spectrum of 3ab in CDCl3. 
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Figure 2b: 13C-NMR (100 MHz) spectrum of 3ab in CDCl3. 
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The structure of 4-Methoxyphenyl-2,4-dichlorobenzoate 3ab was confirmed from its 
spectral data. IR spectra showed the presence of the absorption band of carbonyl stretching of 
ester group at 1743 cm-1. In the 1H-NMR spectrum (Figure 2a), presence of two individual 
doublets at  6.93 (J=8.8 Hz) and 7.13 (J=8.8 Hz) due to two aromatic protons, one doublet of 
doublet at  7.36 (J=8.5 and J=2.2 Hz) due to one aromatic proton, one doublet at 7.53 (J=2.2 
Hz) due to one aromatic proton, one doublet at 7.99 (J=8.3 Hz) due to one aromatic proton, 
one singlet at 3.81 due to three protons of methoxy group, established the structure of 3ab. In 
12 lines 13C-NMR spectrum (Figure 2b), presence of five quaternary carbons resonances at  
157.4, 143.9, 138.9, 135.5 & 127.5 due to five aromatic carbons, two aromatic methine carbons 
resonances at 122.2 and 114.5, due to four aromatic carbons, respectively, three aromatic 
methine carbons resonances at  132.9, 131.2 and 127.1, one ester carbon resonances at 
163.5,one methoxy carbon resonance of methoxy group at 55.6 ppm confirmed the structure 
of 3ab. Presence of the [M+H]+ peaks at m/z  [C14H10Cl2O3]
+ = 298.0114; found: 298.0115 in the 
mass spectrum further established the structure of 4-Methoxyphenyl-2,4-dichlorobenzoate 3ab. 
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Figure 3a: 1H-NMR (400 MHz) spectrum of 3ac in CDCl3. 
 
27 
 
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
ppm
Chloroform-d
5
5
.6
3
7
7
.0
3
1
1
4
.5
8
1
2
2
.3
2
1
2
2
.6
3
1
2
8
.7
2
1
3
0
.1
3
1
3
1
.6
0
1
3
3
.0
8
1
3
6
.4
6
1
4
4
.1
7
1
5
7
.4
7
1
6
4
.2
5
 
Figure 3b: 13C-NMR (100 MHz) spectrum of 3ac in CDCl3. 
 
The structure of 4-Methoxyphenyl-3-bromobenzoate 3ac was confirmed from its spectral 
data. IR spectra showed the presence of the absorption band of carbonyl stretching of ester group 
at 1739 cm-1. In the 1H-NMR spectrum (Figure 3a), presence of two individual doublets at  6.93 
(J=9.3 Hz) and 7.11 (J=9.3 Hz) due to two aromatic protons, one doublet of doublet at  7.83 
(J=7.8 and 1.4 Hz) due to one aromatic proton, one triplet at 7.38 (J=7.8 Hz) due to one 
aromatic proton, one singlet at 8.32 due to one aromatic proton, one singlet at 3.82 due to 
three protons of methoxy group established the structure of 3ac. In 12 lines 13C-NMR spectrum 
(Figure 3b), presence of four quaternary carbons resonances at  157.5, 144.2, 131.6 & 122.6 due 
to four aromatic carbons, two aromatic methine carbons resonances at 122.3 and 114.6, due to 
four aromatic carbons respectively, four aromatic methine carbons resonances at  136.4, 133.1, 
130.1 and 128.7, one ester carbon resonances at 164.2, one methoxy carbon resonance of 
methoxy group at 55.6 ppm confirmed the structure of 3ac. Presence of the [M+Na]+ peak at 
m/z [C14H10BrO3]
+ = 330.9766, calculated value = 330.9765 in the mass spectrum further 
established the structure of 4-Methoxyphenyl-3-bromobenzoate 3ac. 
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II.4 PLAUSIBLE MECHANISM: 
The plausible reaction mechanism is as depicted in (Scheme 22). We presumed that the 
reaction mechanism may proceeds via the formation Pd(IV) species. Initially the Pd(II) can 
undergoes oxidative insertion onto iodoarenes 1 to form the aryl-Pd(IV) species A. On the other 
hand, simultaneously, in an independent path, the silver salt of carboxylic acids (B) can be 
generated by the reaction between silver oxide and benzoic acids 2 in presence of TBHP, where 
TBHP acts as an oxidant to promote Ag(0) to Ag(I). Now transmetalation reaction leads to the 
formation the new Pd(IV)-intermediate C. Finally, reductive elimination affords the esters 3 and 
Pd(II) catalyst and thus completes the catalytic cycle. 
 
                                 Scheme 22: Plausible mechanism of synthesis of aryl esters 3. 
 
 
 
 
 
 
 
29 
 
II.5 CONCLUSIONS: 
In summary, we have presented a simple method for the synthesis of aryl ester through 
Pd-catalyzed oxidative C−O bond formation. This approach is quite effective for a lot of systems 
and not requires any particular precautions. Using different starting material we can say this 
approach is quite efficient for a lot of systems. As well as these method, esterification of aryl 
iodides with acids, have also been developed, which will be quite an appealing approach. 
Selectivity in oxidative coupling through palladium catalyzed is the most challenging issue. 
More importantly, there are few mechanistic studies focusing on this topic, which makes it hard 
to understand the key factors that control the selectivity. Thus, studies considering the 
understanding of oxidative esterification transformations are highly required and resulting 
protocol in a broadly applicable, environmentally benign protocol for esterification.  
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I.5 EXPERIMENTAL SECTION: 
General:  
IR spectra were recorded on a Bruker Tensor 37 (FT-IR) spectrophotometer. 1H-NMR 
spectra were recorded on Bruker Avance 400 (400 MHz) spectrometer at 295 K in CDCl3; 
chemical shifts (δ in ppm) and coupling constants (J in Hz) are reported in standard fashion with 
reference to either internal standard tetramethylsilane (TMS) (δH = 0.00 ppm) or CHCl3 (δH = 
7.25 ppm). 13C-NMR spectra were recorded on Bruker Avance 400 (100 MHz) spectrometer at 
RT in CDCl3; chemical shifts (δ in ppm) are reported relative to CDCl3 [δC = 77.00 ppm (central 
line of triplet)]. In the 13C-NMR, the nature of carbons (C, CH, CH2 and CH3) was determined by 
recording the DEPT-135 spectra, and is given in parentheses and noted as s = singlet (for C), d = 
doublet (for CH), t = triplet (for CH2) and q = quartet (for CH3). In the 
1H-NMR, the following 
abbreviations were used throughout: s = singlet, d = doublet, t = triplet, q = quartet, qui = quintet, 
m = multiplet and br. s = broad singlet, septd = septet of doublets. The assignment of signals was 
confirmed by 1H, 13C CPD and DEPT spectra. High-resolution mass spectra (HR-MS) were 
recorded on an Agilent 6538 UHD Q-TOF using multimode source. X-ray crystal structure data 
measured using Oxford Super Nova instrument. All small scale dry reactions were carried out 
using standard syringe-septum technique. Reactions were monitored by TLC on silica gel using a 
mixture of petroleum ether and ethyl acetate as eluents. Reactions were generally run under an 
air atmosphere. All solvents were distilled prior to use; petroleum ether with a boiling range of 
60 to 80 C, diethyl ether, dichloromethane (DCM), ethyl acetate, toluene (with purity 99%), 
DMF (with purity 99%), DMA (with purity 99%), THF (with purity 99%), acetonitrile (with 
purity 99.9%), purchased from Sigma Aldrich & locally available commercial sources were 
used. 
Starting materials: 
Aryl iodides 
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Benzoic acids 
 
 
GP 1: General Procedure for the Preparation of Esters (3): 
In an oven dried Schlenk tube under open atmosphere, were added aryl iodides 1 (1 equiv), 
benzoic acids 2 (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by TBHP in H2O (5 
equiv), at room temperature. The resulted reaction mixture was stirred for 12-24 h at 120 oC. The 
reaction mixture was quenched with the aqueous NaHCO3 solution and extracted with ethyl 
acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and concentrated under 
reduced pressure. Purification of the residue on a silica gel column chromatography using 
petroleum ether/ethyl acetate as eluent furnished the esters 3. 
 
 
4-Methoxyphenyl-2,4-dichlorobenzoate (3ab): GP 1 was carried out using 4-iodoanisole 1a (1 
equiv), 2,4-dichlorobenzoic acid 2b (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 16 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 3ab, solid; mp 
112-114 oC (50.5 mg, 40%). [TLC control Rf (3ab)=0.5 (petroleum ether/ethyl acetate 9.5:0.5, 
UV detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2930, 2835, 1743, 1593, 1494, 1415, 
1264, 1217, 1142, 895, 730 cm-1. 1H NMR (CDCl3, 400 MHz): δ=7.99 (d, 1H, J=8.3 Hz, ArH), 
32 
 
7.53 (d, 1H, J=2.2 Hz, ArH), 7.36 (dd, 1H, J=8.8 and 2.2 Hz, ArH), 7.13 (d, 2H, J=8.8 Hz, ArH), 
6.93 (d, 2H, J= 8.8 Hz, ArH), 3.81 (s, 3H, ArOCH3). 
13C NMR (CDCl3, 100 MHz): δ=163.5 (s, -
COOR), 157.4 (s, ArC), 143.9 (s, ArC), 138.9 (s, ArC), 135.5 (s, ArC), 132.9 (d, ArCH), 131.2 
(d, ArCH), 127.5 (s, ArC), 127.1 (d, ArCH), 122.2 (d, 2C, ArCH), 114.5 (d, 2C, ArCH), 55.6 (q, 
ArOCH3) ppm. HR-MS (ECI+) m/z calculated for [C14H10Cl2O3]
+=[M+H]+: 298.0114; found: 
298.0115.  
 
 
4-Methoxyphenyl benzoate (3ag): GP 1 was carried using 4-iodoanisole 1a (1 equiv), benzoic 
acid 2g (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by TBHP in H2O (5 equiv), at 
room temperature. The resulted reaction mixture was stirred for 14 h at 120 oC. The reaction 
mixture was quenched with the aqueous NaHCO3 solution and extracted with ethyl acetate (3 × 
20 mL). The organic layer was dried over anhydrous Na2SO4 and concentrated under reduced 
pressure. Purification of the residue on a silica gel column chromatography using petroleum 
ether/ethyl acetate as eluent furnished the ester 3ag, solid; mp 87-89 oC (46.7 mg, 48%). [TLC 
control Rf (3ag)=0.6 (petroleum ether/ethyl acetate 9.5:0.5, UV detection)]. IR (MIR-ATR, 
4000–600 cm-1): max= 2924, 2852, 1735, 1505, 1452, 1243, 1193, 1063, 1025, 707 cm-1. 1H 
NMR (CDCl3, 400 MHz): δ=8.19 (d, 2H, J=6.85 Hz, ArH), 7.63 (t, 1H, J=7.34 Hz, ArH), 7.50 
(t, 2H, J=7.34 Hz, ArH), 7.13 (d, 2H, J=8.8 Hz, ArH), 6.93 (d, 2H, J= 8.8 Hz, ArH), 3.82 (s, 3H, 
ArOCH3). 
13C NMR (CDCl3, 100 MHz): δ=165.6 (s, -COOR), 157.4 (s, ArC), 144.4 (s, ArC), 
133.5 (d, ArCH), 130.1 (d, 2C, ArCH), 129.6 (s, ArC), 128.5 (d, 2C, ArCH), 122.5 (d, 2C, 
ArCH), 114.5 (d, 2C, ArCH), 55.6 (q, ArOCH3) ppm. HR-MS (ECI+) m/z calculated for 
[C14H12O3]
+=[M+H]+: 230.0893; found: 230.0889.  
 
 
4-Methoxyphenyl-4-bromobenzoate (3ae): GP 1 was carried out using 4-iodoanisole 1a (1 
equiv), 4-bromobenzoic acid 2e (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
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TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 12 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 3ae, solid; mp 
122-124 oC (60 mg, 38%). [TLC control Rf (3ae)=0.5 (petroleum ether/ethyl acetate 9.5:0.5, UV 
detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2925, 1731, 1587, 1505, 1397, 1264, 1194, 
1075, 1010, 733 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.04 (d, 2H, J=8.8 Hz, ArH), 7.64 (d, 2H, 
J=8.8 Hz, ArH), 7.11 (d, 2H, J=8.8 Hz, ArH), 6.93 (d, 2H, J= 8.8 HZ, ArH), 3.82 (s, 3H, 
ArOCH3). 
13C NMR (CDCl3, 100 MHz): δ=164.9 (s, -COOR), 157.4 (s, ArC), 144.1 (s, ArC), 
131.9 (d, 2C, ArCH), 131.6 (d, 2C, ArCH), 128.8 (s, ArC), 128.5 (s, ArC), 122.4 (d, 2C, ArCH), 
114.5 (d, 2C ArCH), 55.6 (q, ArOCH3) ppm. HR-MS (ECI+) m/z calculated for 
[C14H11BrO3]
+=[M+H]+: 308.9945; found: 308.9946.  
 
 
4-Methoxyphenyl-4-fluorobenzoate (3ad): GP 1 was carried out using 4-iodoanisole 1a (1 
equiv), 4-fluorobenzoic acid 2d (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 16 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 6ad, solid; mp 
80-82 oC (42 mg, 40%). [TLC control Rf (6ad)=0.5 (petroleum ether/ethyl acetate 9.5:0.5, UV 
detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2926, 2853, 1737, 1605, 1508, 1266, 1246, 
1194, 1073, 1033, 762 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.20 (dd, 2H, J=9.3 and 5.38 Hz, 
ArH), 7.17 (m, 2H, ArH), 7.11 (d, 2H, J=8.8 Hz, ArH), 6.93 (d, 2H, J= 8.8 Hz, ArH), 3.82 (s, 
3H, ArOCH3). 
13C NMR (CDCl3, 100 MHz): δ=167.4 (s, ArC), 164.6 (s, -COOR), 157.4 (s, 
ArC), 144.3 (s, ArC), 132.8 (d, ArCH), 132.7 (d, ArCH), 125.9 (s, ArC), 122.4 (d, 2C, ArCH), 
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115.9 (d, ArCH), 115.6 (d, ArCH), 114.5 (d, 2C, ArCH), 55.6 (q, ArOCH3) ppm. HR-MS (ECI+) 
m/z calculated for [C14H11FO3]
+=[M+Na]+: 269.0584; found: 269.0584. 
 
 
4-Methoxyphenyl-4-chlorobenzoate (3aa): GP 1 was carried out using 4-iodoanisole 1a (1 
equiv), 4-chlorobenzoic acid 2a (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 14 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 3aa, white solid 
; mp 103-105 oC (47 mg, 42%). [TLC control Rf (3aa)=0.5 (petroleum ether/ethyl acetate 9.5:0.5, 
UV detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2920, 1735, 1534, 1455, 1345, 1260, 
1170, 1070, 1011, 733 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.12 (d, 2H, J=8.8 Hz, ArH), 7.47 
(d, 2H, J=8.8 Hz, ArH), 7.11 (d, 2H, J=8.8 Hz, ArH), 6.93 (d, 2H, J= 8.8 Hz, ArH), 3.82 (s, 3H, 
ArOCH3). 
13C NMR (CDCl3, 100 MHz): δ=164.7 (s, -COOR), 157.4 (s, ArC), 144.2 (s, ArC), 
140.0 (s, ArC), 131.5 (d, 2C, ArCH), 128.9 (d, 2C, ArCH), 128.1 (s, ArC), 122.4 (d, 2C, ArCH), 
114.6 (d, 2C, ArCH), 55.6 (q, ArOCH3) ppm. HR-MS (ECI+) m/z calculated for 
[C14H11ClO3]
+=[M+Na]+: 285.0289; found: 285.0287.  
 
 
4-Methoxyphenyl-3-bromobenzoate (3ac): GP 1 was carried out using 4-iodoanisole 1a (1 
equiv), 3-bromobenzoic acid 2c (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 20 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
35 
 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 3ac, liquid 
(50.5 mg, 40%). [TLC control Rf (3ac)=0.5 (petroleum ether/ethyl acetate 9.5:0.5, UV 
detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2926, 2853, 1739, 1571, 1505, 1464, 1420, 
1243, 1192, 1062, 1033, 740 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.32 (s, 1H, ArH), 8.11 (dd, 
1H, J=7.8 and 1.4 Hz, ArH), 7.74 (m, 1H, ArH), 7.38 (t, 1H, J=7.8 Hz, ArH), 7.11 (d, 2H, J=8.8 
Hz, ArH), 6.93 (d, 2H, J=8.8 Hz, ArH), 3.81 (s, 3H, ArOCH3). 
13C NMR (CDCl3, 100 MHz): 
δ=164.2 (s, -COOR), 157.4 (s, ArC), 144.2 (s, ArC), 136.4 (d, ArCH), 133.1 (d, ArCH), 131.6 (s, 
ArC), 130.1 (d, ArCH), 128.7 (d, ArCH), 122.6 (s, ArC), 122.3 (d, 2C, ArCH), 114.6 (d, 2C, 
ArCH), 55.6 (q, ArOCH3) ppm. HR-MS (ECI+) m/z calculated for [C14H11BrO3]
+=[M+Na]+: 
330.9765; found: 330.9766.  
 
 
4-Methoxyphenyl-4-isopropylbenzoate (3aj): GP 1 was carried out using 4-iodoanisole 1a (1 
equiv), 4-isopropylbenzoic acid 2j (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 24 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 3aj, solid; mp 
105-107 oC (44 mg, 38%). [TLC control Rf (3aj)=0.6 (petroleum ether/ethyl acetate 9.5:0.5, UV 
detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2920, 1732, 1505, 1405, 1264, 1196, 1179, 
1075, 895, 731 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.10 (d, 2H, J=8.3 Hz, ArH), 7.34 (d, 2H, 
J=8.3 Hz, ArH), 7.10 (d, 2H, J=8.8 Hz, ArH), 6.92 (d, 2H, J= 8.8 Hz, ArH), 3.82 (s, 3H, 
ArOCH3). 2.97 (m, 1H, ArH), 1.28 (d, 6H, J=6.8 Hz, ArH). 
13C NMR (CDCl3, 100 MHz): 
δ=165.6 (s, -COOR), 157.2 (s, ArC), 155.0 (s, ArC), 144.5 (s, ArC), 130.3 (d, 2C, ArCH), 127.2 
(s, ArC), 126.6 (d, 2C, ArCH), 122.5 (d, 2C, ArCH), 114.5 (d, 2C, ArCH), 55.6 (q, ArOCH3), 
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34.3 (s, -CH), 23.7 (q, 2C,  -(CH3)2) ppm. HR-MS (ECI+) m/z calculated for 
[C17H18O3]
+=[M+Na]+: 293.1148; found: 293.1141.  
 
 
4-Methoxyphenyl-4-nitrobenzoate (3ah): GP 1 was carried out using 4-iodoanisole 1a (1 
equiv), 4-nitrobenzoic acid 2h (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 19 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 3ah, solid; mp 
114-117 oC (41 mg, 35%). [TLC control Rf (3ah)=0.4 (petroleum ether/ethyl acetate 9.5:0.5, UV 
detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2920, 1732, 1505, 1405, 1264, 1196, 1179, 
1075, 895, 731 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.35 (m, 4H, ArH), 7.14 (d, 2H, J=8.8 Hz, 
ArH), 6.94 (d, 2H, J= 8.8 Hz, ArH), 3.82 (s, 3H, ArOCH3). 
13C NMR (CDCl3, 100 MHz): 
δ=163.7 (s, -COOR), 157.7 (s, ArC), 155.8 (s, ArC), 143.9 (s, ArC), 135.1 (s, ArC), 131.3 (d, 
2C, ArCH), 123.7 (d, 2C, ArCH), 122.2 (d, 2C, ArCH), 114.6 (d, 2C, ArCH), 55.6 (q, ArOCH3) 
ppm. HR-MS (ECI+) m/z calculated for [C17H18O3]
+=[M+K]+: 312.0269; found: 312.0266. 
 
 
4-Methoxyphenyl-3-nitrobenzoate (3ai): GP 1 was carried out using 4-iodoanisole 1a (1 
equiv), 3-nitrobenzoic acid 2i (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by TBHP 
in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 21 h at 120 
oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted with 
ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and concentrated 
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under reduced pressure. Purification of the residue on a silica gel column chromatography using 
petroleum ether/ethyl acetate as eluent furnished the ester 3ai; liquid (48 mg, 41%). [TLC control 
Rf (3ai)=0.6 (petroleum ether/ethyl acetate 9.5:0.5, UV detection)]. IR (MIR-ATR, 4000–600 cm-
1): max= 2926, 1736, 1536, 1505, 1464, 1264, 1192, 1050, 731, 702 cm-1. 1H NMR (CDCl3, 400 
MHz): δ=9.01 (s, 1H, ArH), 8.48 (m, 2H, ArH), 7.71 (t, 1H, J=8.0 Hz, ArH), 7.14 (d, 2H, J=8.8 
Hz, ArH), 6.94 (d, 2H, J=8.8 Hz, ArH), 3.82 (s, 3H, ArOCH3). 
13C NMR (CDCl3, 100 MHz): 
δ=163.5 (s, -COOR), 157.6 (s, ArC), 148.4 (s, ArC), 143.9 (s, ArC), 135.8 (d, ArCH), 131.5 (s, 
ArC), 129.9 (d, ArCH), 127.9 (d, ArCH), 125.1 (d, ArCH), 122.2 (d, 2C, ArCH), 114.6 (d, 2C, 
ArCH), 55.6 (q, ArOCH3) ppm. HR-MS (ECI+) m/z calculated for [C14H11NO5]
+=[M+H]+: 
274.071; found: 274.0712.  
 
 
4-Methoxyphenyl-4-methylbenzoate (3af): GP 1 was carried out using 4-iodoanisole 1a (1 
equiv), 4-methylbenzoic acid 2f (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 24 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 3af, solid; mp 
93-95 oC (32.6 mg, 31%). [TLC control Rf (3af)=0.6 (petroleum ether/ethyl acetate 9.5:0.5, UV 
detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2920, 1732, 1505, 1405, 1264, 1196, 1179, 
1075, 895, 731 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.07 (d, 2H, J=8.3 ArH), 7.29 (d, 2H, 
J=8.3 Hz, ArH), 7.11 (d, 2H, J= 9.3 Hz, ArH), 6.92 (d, 2H, J= 9.3, ArH), 3.81 (s, 3H, ArOCH3). 
2.44 (s, 3H, ArH), 13C NMR (CDCl3, 100 MHz): δ=165.6 (s, -COOR), 157.2 (s, ArC), 144.5 (s, 
ArC), 144.3 (s, ArC), 130.2 (d, 2C, ArCH), 129.3 (d, 2C, ArCH), 126.9 (s, ArC), 122.5 (d, 2C, 
ArCH), 114.5 (d, 2C, ArCH),  55.6 (q, ArOCH3), 21.8 (q, -CH3) ppm. HR-MS (ECI+) m/z 
calculated for [C15H14O3]
+=[M+Na]+: 266.0869; found: 266.0866.  
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2-Methoxyphenyl-4-chlorobenzoate (3ea): GP 1 was carried out using 2-iodoanisole 1e (1 
equiv), 4-chlorobenzoic acid 2a (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 16 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 3ea, liquid (48 
mg, 41%). [TLC control Rf (3ea)=0.6 (petroleum ether/ethyl acetate 9.5:0.5, UV detection)]. IR 
(MIR-ATR, 4000–600 cm-1): max= 2926, 1736, 1536, 1505, 1464, 1264, 1192, 1050, 731, 702 
cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.14 (d, 2H, J=8.3 Hz, ArH), δ=7.47 (d, 2H, J=8.3 Hz, 
ArH), 7.24 (m, 1H, ArH), 7.14 (dd, 1H, J= 7.8 Hz and 1.9 Hz, ArH), 7.00 (dd, 2H, J=8.0 Hz and 
4.1 Hz, ArH), 3.81 (s, 3H, ArOCH3). 
13C NMR (CDCl3, 100 MHz): δ=163.9 (s, -COOR), 151.2 
(s, ArC), 139.9 (s, ArC), 139.7 (s, ArC), 131.7 (d, 2C, ArCH), 128.9 (d, 2C, ArCH), 127.9 (s, 
ArC), 127.1 (d, ArCH), 122.8 (d, ArCH), 120.8 (d, ArCH), 112.5 (d, ArCH), 55.9 (q, ArOCH3) 
ppm. HR-MS (ECI+) m/z calculated for [C14H11ClO3]
+=[M+Na]+: 285.0289; found: 285.0288.  
 
 
 
4-Methoxyphenyl-4-nitrobenzoate (3eh): GP 1 was carried out using 4-iodoanisole 1e (1 
equiv), 4-nitrobenzoic acid 2h (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by 
TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was stirred for 14 h 
at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 solution and extracted 
with ethyl acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. Purification of the residue on a silica gel column 
chromatography using petroleum ether/ethyl acetate as eluent furnished the ester 3eh, liquid (35 
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mg, 30%). [TLC control Rf (3eh)=0.6 (petroleum ether/ethyl acetate 9.5:0.5, UV detection)]. IR 
(MIR-ATR, 4000–600 cm-1): max= 2926, 1745, 1530, 1502, 1264, 1192, 1120, 1050, 895, 731, 
702 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.36 (m, 4H, ArH), δ=7.27 (m, 1H, ArH), 7.16 (d, 1H, 
J= 7.8 Hz, ArH), 7.01 (m, 2H, ArH), 3.82 (s, 3H, ArOCH3). 
13C NMR (CDCl3, 100 MHz): 
δ=162.9 (s, -COOR), 151.0 (s, ArC), 150.8 (s, ArC), 139.5 (s, ArC), 134.9 (s, ArC), 131.4 (d, 
2C, ArCH), 127.4 (d, ArCH), 123.6 (d, 2C, ArCH), 122.6 (d, ArCH), 120.8 (d, ArCH), 112.5 (d, 
ArCH), 55.9 (q, ArOCH3) ppm. HR-MS (ECI+) m/z calculated for [C14H11NO5]
+=[M+K]+: 
312.0269; found: 312.0269.  
 
 
3,4-Dimethoxyphenyl-2,4-dichlorobenzoate (3bb): GP 1 was carried out using 4-iodoveratrole 
1b (1 equiv), 2,4-dichlorobenzoic acid 2b (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) 
followed by TBHP in H2O (5 equiv), at room temperature. The resulted reaction mixture was 
stirred for 12 h at 120 oC. The reaction mixture was quenched with the aqueous NaHCO3 
solution and extracted with ethyl acetate (3 × 20 mL). The organic layer was dried over 
anhydrous Na2SO4 and concentrated under reduced pressure. Purification of the residue on a 
silica gel column chromatography using petroleum ether/ethyl acetate as eluent furnished the 
ester 3bb, liquid (57 mg, 46%). [TLC control Rf (3bb)=0.4 (petroleum ether/ethyl acetate 9.5:0.5, 
UV detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2920, 1593, 1747, 1585, 1510, 1467, 
1264, 1228, 1151, 1038, 731 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.00 (d, 1H, J=8.3 Hz, ArH), 
7.54 (d, 1H, J=2.2 Hz, ArH), 7.37 (dd, 1H, J=8.8 and 2.2 Hz, ArH), 6.88 (d, 1H, J=8.3 Hz, ArH), 
6.78 (m, 2H, ArH), 3.89 (s, 3H, ArOCH3), 3.88 (s, 3H, ArOCH3).  
13C NMR (CDCl3, 100 MHz): 
δ=163.5 (s, -COOR), 149.5 (s, ArC), 147.1 (s, ArC), 144.1 (s, ArC), 139.0 (s, ArC), 135.6 (s, 
ArC), 133.0 (d, ArCH), 131.3 (d, ArCH), 127.5 (s, ArC), 127.2 (d, ArCH), 112.8 (d, ArCH), 
111.1 (d, ArCH), 105.6 (d, ArCH), 56.2 (q, ArOCH3), 56.0 (q, ArOCH3) ppm. HR-MS (ECI+) 
m/z calculated for [C15H12Cl2O4]
+=[M+NH4]
+: 346.0424; found: 346.0422.   
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3,4-Dimethoxyphenyl benzoate (3bg): GP 1 was carried out using 4-iodoveratrole 1b (1 equiv), 
benzoic acid 2g (2 equiv), Pd(OAc)2 (5 mol%), Ag2O (2 equiv) followed by TBHP in H2O (5 
equiv), at room temperature. The resulted reaction mixture was stirred for 18 h at 120 oC. The 
reaction mixture was quenched with the aqueous NaHCO3 solution and extracted with ethyl 
acetate (3 × 20 mL). The organic layer was dried over anhydrous Na2SO4 and concentrated under 
reduced pressure. Purification of the residue on a silica gel column chromatography using 
petroleum ether/ethyl acetate as eluent furnished the ester 3bg, liquid (46.7 mg, 40%). [TLC 
control Rf (3bg)=0.6 (petroleum ether/ethyl acetate 9.5:0.5, UV detection)]. IR (MIR-ATR, 
4000–600 cm-1): max= 2926, 2854, 1732, 1602, 1509, 1464, 1263, 1228, 1152, 1063, 1025, 732, 
704 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.18 (d, 2H, J=6.85 Hz, ArH), 7.62 (t, 1H, J=7.34 Hz, 
ArH), 7.50 (t, 2H, J=7.34 Hz, ArH), 6.88 (d, 1H, J=9.3 Hz, ArH), 6.76 (m, 2H, ArH), 3.82 (s, 
3H, ArOCH3). 
13C NMR (CDCl3, 100 MHz): δ=165.5 (s, -COOR), 149.4 (s, ArC), 146.9 (s, 
ArC), 144.6 (d, ArCH), 133.6 (d, ArCH) 130.1 (d, 2C, ArCH), 129.6 (s, ArC), 128.5 (d, 2C, 
ArCH), 112.9 (d, ArCH), 111.2 (d, ArCH), 105.8 (d, ArCH), 56.2 (q, ArOCH3), 56.0 (q, 
ArOCH3) ppm. HR-MS (ECI+) m/z calculated for [C15H14O4]
+=[M+Na]+: 282.0818; found: 
282.0817.  
 
 
 
2,3,4-Trimethoxyphenyl-4-methylbenzoate (3cf): GP 1 was carried out using 1-iodo-2,3,4-
trimethoxybenzene 1c (1 equiv), 4-methylbenzoic acid 2f (2 equiv), Pd(OAc)2 (5 mol%), Ag2O 
(2 equiv) followed by TBHP in H2O (5 equiv), at room temperature. The resulted reaction 
mixture was stirred for 24 h at 120 oC. The reaction mixture was quenched with the aqueous 
NaHCO3 solution and extracted with ethyl acetate (3 × 20 mL). The organic layer was dried over 
anhydrous Na2SO4 and concentrated under reduced pressure. Purification of the residue on a 
silica gel column chromatography using petroleum ether/ethyl acetate as eluent furnished the 
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ester 3cf, liquid (31 mg, 30%). [TLC control Rf (3cf)=0.6 (petroleum ether/ethyl acetate 9.5:0.5, 
UV detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2930, 1736, 1490, 1400, 1264, 1239, 
1178, 1075, 895, 731 cm-1. 1H NMR (CDCl3, 400 MHz): δ=8.09 (d, 2H, J=8.3 Hz, ArH), 7.29 (d, 
2H, J=8.3 Hz, ArH), 6.85 (d, 1H, J= 8.8 Hz, ArH), 6.66 (d, 1H, J= 9.3 Hz, ArH), 3.90 (s, 3H, 
ArOCH3), 3.87 (s, 3H, ArOCH3), 3.86 (s, 3H, ArH), 2.44 (s, 3H, -CH3), 
13C NMR (CDCl3, 100 
MHz): δ=165.3 (s, -COOR), 151.7 (s, ArC), 146.0 (s, ArC), 144.3 (s, ArC), 143.1 (s, ArC), 138.0 
(s, ArC), 130.3 (d, 2C,  ArCH), 129.2 (d, 2C, ArCH), 126.5 (s, ArC), 116.9 (d, ArCH), 106.4 (d, 
ArCH), 61.2 (q, ArOCH3), 61.0 (q, ArOCH3), 56.2 (q, ArOCH3), 21.8 (q, -CH3) ppm. HR-MS 
(ECI+) m/z calculated for [C17H18O5]
+=[M+H]+: 304.1261; found: 304.1259. 
 
 
3,4-Dioxolphenyl-2,4-dichlorobenzoate (3db): GP 1 was carried out using 1-iodo-3,4-
methylenedioxybenzene 1d (1 equiv), 2,4-dichlorobenzoic acid 2b (2 equiv), Pd(OAc)2 (5 
mol%), Ag2O (2 equiv) followed by TBHP in H2O (5 equiv), at room temperature. The resulted 
reaction mixture was stirred for 16 h at 120 oC. The reaction mixture was quenched with the 
aqueous NaHCO3 solution and extracted with ethyl acetate (3 × 20 mL). The organic layer was 
dried over anhydrous Na2SO4 and concentrated under reduced pressure. Purification of the 
residue on a silica gel column chromatography using petroleum ether/ethyl acetate as eluent 
furnished the ester 3db, liquid (37.5 mg, 30%). [TLC control Rf (3db)=0.6 (petroleum ether/ethyl 
acetate 9.5:0.5, UV detection)]. IR (MIR-ATR, 4000–600 cm-1): max= 2924, 1747, 1584, 1503, 
1483, 1264, 1170, 1127, 1033, 731 cm-1. 1H NMR (CDCl3, 400 MHz): δ=7.97 (d, 1H, J=8.3 Hz, 
ArH), 7.53 (d, 1H, J=1.9 Hz, ArH), 7.36 (dd, 1H, J=8.8 and 1.9 Hz, ArH), 6.81 (d, 1H, J=8.3 Hz, 
ArH), 6.73 (d, 1H, J=1.9 Hz, ArH), 6.66 (dd, 1H, J=8.3 and 1.9 Hz, ArH), 6.00 (s, 2H, -OCH2O-
).  13C NMR (CDCl3, 100 MHz): δ=163.5 (s, -COOR), 148.1 (s, ArC), 145.7 (s, ArC), 144.7 (s, 
ArC), 139.1 (s, ArC), 135.6 (s, ArC), 132.9 (d, ArCH), 131.3 (d, ArCH), 127.5 (s, ArC), 127.2 
(d, ArCH), 113.9 (d, ArCH), 108.0 (d, ArCH), 103.6 (d, ArCH), 101.8 (t, -OCH2O-) ppm. HR-
MS (ECI+) m/z calculated for [C14H8Cl2O4]
+=[M+H]+: 310.9872; found: 310.9873. 
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